Background: Major human gastrointestinal pathogen Helicobacter pylori (H. pylori)
| INTRODUC TI ON
Despite the incidence and mortality of gastric cancer (GC) have been decreasing, this disorder still remains one of the leading causes of cancer-related death rate worldwide. [1] [2] [3] [4] Despite the fact that the adjuvant chemotherapy and surgical resection are the only curative therapies nowadays, most patients are diagnosed with an advanced stage of disease due to lack of specific early symptoms. Furthermore, some patients lose the opportunity of curative resection resulting from the aggressive nature of GC. Although chemoradiotherapy and targeted therapy have confirmed an improvement in host response rates, the cancer recurrences and metastases are frequently observed. colonizes mainly gastric epithelium but may also penetrate the mucus layer reaching pits of gastric glands. 9 We have previously shown that fibroblasts may constitute a direct target for H. pylori 10 next to epithelial cells. 11, 12 H. pylori colonization may directly and indirectly inter- Recently, the direct interaction between this bacterial pathogen and fibroblasts has been proposed 16 suggesting that H. pylori can interact with several components of connective tissue components including fibroblasts. The most virulent H. pylori strains have been shown to harbor the cag pathogenicity island encoding the type IV secretion system, 3, 17 allowing the delivery of bacterial cytotoxins into gastric epithelial cells, inducing phenotypic alterations reminiscent of an epithelial to mesenchymal transition (EMT).
3,17-19
The EMT is a biological process in which polarized epithelial cells lose the adherence and tight cell-cell junction, enhance their migratory capacity, and become resistant to apoptosis. 20 Moreover, the EMT increased the production of components of extracellular matrix (ECM) and gained the invasive properties to become mesenchymal cells known to play an essential role in cancer progression and metastasis. [21] [22] [23] [24] EMT allows the tumor cells to acquire invasive properties and to develop metastatic growth characteristics. 21, 23 These events are facilitated by the reduction in cell-cell adhesion molecule E-cadherin, the upregulation of more plastic mesenchymal proteins such as vimentin, N-cadherin, and α-SMA and deregulation of the Wnt pathway. 23, 24 Many EMT-inducing transcription factors (EMT-TFs) such as Twist1, Snail1, Snail2, Zeb1, and Zeb2 can repress E-cadherin both directly or indirectly.
23-26
Interestingly, the eradication of H. pylori leads to the reduction in the expression of TGF-β1, Twist, Snail, Slug, and vimentin mRNAs, while enhancing the expression of E-cadherin. This suggests that H. pylori infection may trigger the TGF-β1-induced EMT pathway and that H. pylori eradication may inhibit the GC progression by attenuation of this pathway.
27,28
The activated myofibroblasts accompanying tumors known as cancer-associated fibroblasts (CAFs) belong to the principal constituents of the tumor stroma, playing important role in the tumor microenvironment. 29 The CAFs were shown to mediate cancer-related inflammation by expressing proinflammatory and tumor-promoting factors and promotion of the cancer cell invasion and ECM remodeling. 30, 31 Moreover, under the control of a variety of stroma-modulating factors, the cancer cells themselves generate a permissive microenvironment favoring further tumor development and invasion.
32-34
The proinflammatory factors released by CAFs, such as IL-6, COX-2 and CXCL1, FSP1, CXCL9, CXCL10 (IP-10), and CXCL12 (SDF-1 stromal cell-derived factor 1), were implicated in the mechanism of tumor growth and neoplastic cell invasion. The cultures of bacteria were grown on Columbia agar with 5%
fresh horse blood (BioMerieux, Warsaw, Poland). The plates were incubated under microaerophilic conditions at 37°C for 3-5 days. with fibroblasts, the cells were harvested and total cellular RNA was isolated as mentioned above. Expression of 18s, α-SMA, collagen I, collagen III, tenascin C (TNC), FAP, FSP, IL-6, IL-8, SDF-1, HGF, TGFβ, and COX-2 transcripts in the rat gastric fibroblasts were determined by RT-PCR using specific primers (Sigma-Aldrich; Table A1 , Appendix I). Trypsinized RGM-1 cells were then seeded on the inserts surface, the medium was filled up to the volume of 5 mL, and the cells were coincubated in humidified atmosphere for 24, 48, 72, and 96 hours ( Figure 1B ). After incubation period, the total cellular RNA from RGM-1 cells was isolated as described above. 45 
|

| Determination of mRNA expression by RT-PCR
| Markers of fibroblast to CAF transdifferentiation
|
| Determination of markers of epithelial to mesenchymal transition in RGM-1 cells
The expression of 18s, α-SMA, N-cadherin, vimentin, E-cadherin, β1-integrin, COX2, VEGF, TGFBR, HGFR, FGFR, Snail, Twist, Ki67, Bax, Bcl-2 transcripts in the rat gastric fibroblasts were determined by RT-PCR, using specific primers (Sigma-Aldrich; Table A1 , Appendix I). 
| Statistical analyses
| RE SULTS
| Expression of markers of activation and differentiation of fibroblasts
| Proinflammatory factors and angiogenic potential markers expressed by rat gastric fibroblasts
One of the CAFs potential characteristics is their ability to secrete proinflammatory cytokines, known to facilitate the recruitment of granulocytes and lymphocytes and to promote tumor growth and metastasis. Therefore, we determined the expression of IL-6, IL- 
| EMT inducers, ECM components, and proinvasive signals
The mRNA expression for TGFβ and scattering factor HGF was significantly increased at 72 hours of coincubation with H. pylori 
| Morphology of fibroblasts
Comparing to control fibroblasts, those cultured in the presence of (Figure 4A,B) . In addition, the mRNA expression for COX-2, the factor considered as an accelerator of invasion, metastasis, and angiogenesis, was significantly increased at 24 hours following coculture with H. pylori-infected fibroblasts compared with control ( Figure 4A,B) . The increase in COX-2 mRNA expression was sustained up to 96 hours of incubation ( Figure 4A ,B).
The angiogenic potential was evaluated by determination of VEGF mRNA expression. Consistently, the VEGF mRNA showed a significant increase at 24 hours with further increase with time as compared with control coculture without H. pylori infection ( Figure 4A,B) .
| Expression of EMT triggering signals
The expression of the mRNAs for growth factors receptors for TGFβ, HGF, and FGF known as the EMT triggering signals was determined.
The TGFβR and FGFR mRNA expressions were strongly upregulated from 24 hours up to 96 hours of incubation with H. pylori-infected fibroblasts compared with control coculture (Figure 5A,B) . The significant increase in mRNA expression for HGFR was also observed after 24 hours with further increase within time up to 96 hours of incubation compared with control coculture (Figure 5A,B) .
F I G U R E 4
The RT-PCR analysis of mRNA expression for mesenchymal markers (α-SMA, N-cadherin, vimentin) and promigrative and proangiogenic factors (E-cadherin, β1-integrin, COX-2, VEGF) standardized to 18s RNA in rat epithelial RGM-1 cells after 24, 48, 72, and 96 h of coculture with fibroblasts which were initially infected with Helicobacter pylori strain (cagA+vacA+) for 72 h (panel A) and the semiquantitative ratio of selected mRNAs over 18s mRNA after coculture of these epithelial cells with H. pylori-infected or noninfected (control) fibroblasts (panel B). Results are mean ± SEM of six determinations. Asterisk indicates a significant (P < 0.05) change as compared to the control value
| Expression of transcription factors specific for induction of EMT process, proliferation, and apoptosis
The expression of mRNA for transcription factors Twist and Snail Figure 5A,B) . Figure A1 , the sample number 9 indicates type s2 and m2 (m2s2) strain which was chosen as being cagA negative and bearing the lowest vacA cytotoxin expression (H. pylori cagA−vacA−; right red frame).
| D ISCUSS I ON
Previous studies have established a key role of H. pylori in the pathogenesis of a variety of gastric diseases including gastritis, peptic ulcers, B lymphoma, and gastric cancer. H. pylori. 10 The increased fibroblasts to myofibroblasts differentiation with increased collagen production, the alteration in proliferation, and apoptosis were implicated in the mechanism of interaction between fibroblasts and H. pylori (cagA+vacA+). 10 This suggests that stroma cells may constitute a novel target of H. pylori activity. 
61,62
The expression of IL-6 and IL-8 mRNAs was implicated in the early stage of tumorigenesis. 35, 63 The media collected from GC lines have induced IL-6 secretion in fibroblasts considered as the paracrine stimulant of proliferation of tumor gastric cells through the activation of STAT3 signaling. 63 Besides, the upregulation of IL-6 after the In consequence, the alteration such as reduction in cell-to-cell adhesion molecule E-cadherin, the upregulation of more "plastic" mesenchymal proteins such as vimentin, N-cadherin, and α-SMA were facilitated. The E-cadherin to N-cadherin "switch" exerts critical role in cancer progression being essential for enhanced cell motility and migration. 26 Our results are in keeping with these observations as 79, 80 Among others, the β1-integrin subunit is expressed in metastatic cells and can be considered as indicator for metastasis. 81 Xu et al 82 observed that TGF-β1 had obviously increased the expression of integrin α5β1. They assumed that TGF-β1-promoted EMT and cell adhesion contribute to the TGF-β1 enhanced cell migration in SMMC-7721 cells. 
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